Boundary-layer measurements realized by laser veloeimetry are presented for a Mach 2.9, two-dimensional, shock-wave/turbulent boundary-layer interaction containing an extensive region of separated flow. Mean velocity and turbulent intensity profiles were obtained from upstream of the interaction zone to downstream of the mean reattachment point. The superiority of the laser velocimeter technique over pressure sensors in turbulent separated flows is demonstrated by a comparison of the laser velocimeler data with results obtained from local pitot and static pressure measurements for the same flow conditions. The locations of the mean separation and reanachment points as deduced from the mean velocily measurements are compared 1o oil-flow visualization results. Representative velocity probability density functions obtained in the separated flow region are also presented. Critical to the success of this investigation were !) the use of Bragg cell frequency shifting and 2) artificial seeding of the flow wit h submicron light-scattering particles. 748 D. MODARRESS AND D. A. JOHNSON AIAA JOURNAL PWALL l I _RE_ONOF / STRONG ADVERSE J
have been those obtained with pitot and static pressure probes, which must be considered suspect within and near the separation region because of the very high turbulence levels present.
The degree of turbulence is such that, over a large portion of the flow, the velocity component in the streamwise direction fluctuates in sign. Thus, regardless of whether the pressure probes are aligned with the freestream flow or faced in the backward direction, measurement errors will result. Also of concern are the flow disturbances produced by the probes themselves. Presented as Paper 76-374 at the AIAA 9th Fluid and Plasma Dynamics Conference, San Diego, Calif., July 14-16, 1976; submitted Aug. 12, 1976; revision received Jan. 14, 1979 The effects of side wall boundary-layers were studied by Reda and Murphy.
,4 The laser velocimeter system and its orientation to the supersonic tunnel are shown in a plan view in Fig. 2 . It is a single-velocity component, "fringe" mode system with offaxis, forward-scatter light collection. The incoming beams were aligned perpendicular to the tunnel centerline with the fringes oriented for sensitivity to only the streamwise velocity component.
To achieve a frequency shift, a solid crystal Bragg cell was used (the frequency shift was 40 MHz); this also accomplished the splitting of the original laser beam into two equal intensity beams. The frequency-shifted and unshifted beams were brough parallel to each other by an optical cube that had been designed to compensate for the Bragg angle ft. The effective sensing volume of the velocimeter was approximately a cylinder (0.3 mm in diameter and 1.5-mm long) whose axis was in the cross-stream direction.
Single-particle, counter-type signal processing was used to measure the periods r i of the signal bursts produced by individual particles passing through the sensing volume. Histograms of these individual period realizations were developed with a multichannel analyzer that was, in turn, interfaced to a programmable calculator for on-line data reduction.
Given this period information, the distribution of the streamwise velocity component u was determined from the expression
where f is the frequency of the signal, fa the Bragg cell frequency shift (the sign depends on which incident beam is frequency shifted), h the wavelength of the laser light, and 0 the angle between the two incident beams.
Estimates of the mean rms velocities were realized from the statistical estimator
where Nis the total number of realizations.
Equations
(2) and (3) If it is assumed that this signal-broadening effect due to noise is statistically independent of the turbulent fluctuations, it can be taken into account in the same manner as "Doppler ambiguity" broadening in spectrum-analyzer measurements. For the case of statistical independence, the total variance (f,)2, of the measurements is given by the sum of the individual variances
where ¢Or,_ )2 is the variance due to measurement uncertainties and the last term on the right-hand side is the variance due to turbulent fluctuations. Equation (4) was used to correct the rms measurements obtained with Bragg cell frequency shifting.
A value of (f,_)'_ was selected that resulted in a conservative value of 2°70 for the relative freestream turbulence level, (u')/ft (the freestream turbulence was, most likely, less than this value).
Since the sum of the squares is involved, this correction of the rms data quickly became negligible with increased turbulence in the boundary layer. Rather than use the naturally occurring particles in the flow, as was done in Refs. 8, 10, and I l, the flow was artificially seeded with latex pigment particles of known size (0.5-_m diam). An aqueous solution of these particles is atomized with a Laskin-type nozzle to form a liquid aerosol containing the solid latex particles. With subsequent evaporation of the water, an aerosol of just solid latex particles remains.
The solution is made sufficiently dilute so that the probability of more than one latex particle being contained in a liquid droplet is very low. Thus, when the droplets evaporate the formation of doublets or higher multiples is low compared to the number of singlets. Figure  3 illustrates the Laskin-type nozzle arrangement used to atomize this suspension. The liquid level is evaluated inside the grooves to the vicinity of the nozzles by the pressure drop across the jet and also by capillary forces.
With this arrangement, the need for a continuous liquid level control is eliminated.
The aerosol generator can run continuously for an extensive period of time when a large bath of liquid is used. To evaluate the response of these particles and, hence, verify their nominal size, measurements were taken across the incident oblique shock wave produced by the 13-deg wedge. The results of these measurements, with and without artificial seeding, are shown in Fig. 4 . Throughout the boundary layer the particle occurrence rate was at least 50 limes greater with In the upstream region of the interaction where the outer flow is parallel to the wall, the pressure data (pilot and static) should be valid, provided that there are no reverse velocities.
In Fig. 6, and pressure probes far upstream of the interaction (Fig. 6a ) and near the separation point ( Fig. 6h) The streamwise turbulence intensity profiles are shown in Fig. 9 . At _ = -4.21, the turbulence intensities near the wall were measured to be slightly higher than the corresponding values of the undisturbed profile. given in Fig. 10a . Figure  10b gives the probability density function for the velocity data point within the boundary layer. to be diffused across the boundary layer, with the peak value moving further from the wall with downstream distance.
Near the wall, the turbulence level reached a nominal value of 10_o just prior to the mean reattachment point, and maintained this level to the last measurement station.
In the post-reattachment region, the peak turbulence intensity maintained a near constant level of 15°/0.
The data were obtained using monodisperse latex particles of 0.5-_m diam, which, based on response measurements across the incident oblique shock wave, were believed to provide satisfactory particle trackability. No corrections were applied to the data for the "velocity biasing" effect described in Ref. 12 
